Received July 6, 1994; Revised and Accepted August 25, 1994 4,4'-Dimethoxytrityl, (DMTr) , is at present commonly used for the protection of the 5'-terminal hydroxy function in solid phase DNA or RNA synthesis. During the oligonucleotide synthesis the first step, prior to coupling with the appropriately protected phosphoroamidite monomer, is the removal of the 5'-protecting group, (DMTr, detritylation) by a suitable protic acid.
Strong protic acids, such as benzene (1 -3) or toluene sulfonic acid (4) , and trifluoro-(5) or trichloroacetic (6-9) acid have been utilized as effective detritylating agents. However, their use is complicated by the modification of the protected purine base, 6N-benzoyl-2'-deoxyadenosine and, to a lesser extent, 2N-isobutyryl-2'-deoxyguanosine residues, during the deprotection step leading to depurination and chain cleavage in the final amide deprotection step in an ammonium hydroxide treatment. As an alternative, many Lewis acids, like A1C1 3 , ZnCl 2 , SnCl 4 , and TiCl 4 , have been examined under various conditions as detritylating agents (10, 11) . There are also reports in the literature on usage of a Lewis acid, BF3 as methanol complex, for detritylation (12, 13) . Zinc bromide has also been used (3, 4, 10, 11, (14) (15) (16) (17) (18) (19) as detritylating agent which does not cause significant depurination. However, the selective removal of Nacyl protecting group in nucleoside derivatives was observed by treatment with zinc bromide in the presence of alcohols (14) and the rate of trityl removal decreased rapidly as the DNA chain becomes longer (2, 20) effectively limiting the length of sequence. As an alternative, dichloroacetic acid (DCA, pK a =1.5) was found to be a detritylating agent of choice (20) , and which is at present widely used for the deprotection of the 5'-hydroxyl group prior to coupling the next nucleoside in automated DNA synthesis on a solid support.
We have found that DCA in the presence of 0.1 % of anhydrous alcohol, (e.g., methanol or ethanol), or a freshly distilled 1H-pyrrole is a highly effective non-depurinating detritylating agent for oligonucleotide synthesis on a solid support. The assembly of oligonucleotides Seq. #1 (101-mer; 8A, 52C, 4G, and 37T), 2 (151-mer; 12A, 78C, 6G, and 55T), and 3 (101-mer; 34A, 25C, 1OG, and 32T) was performed on a 0.75 or 1.0 jtmole scale using CPG-1000 or -2000 (21) and 0-cyanoethyl phosphoramidites on automated DNA synthesizer, (Milligen/ Bioresearch 8700 series). The standard program cycles were used, except detritylation time was extended from 68.5 sec. to 308.5 sec, followed by wash extended from 10 sec. to 130 sec. All syntheses were repeated at least three times, under the same conditions for each sequence. The crude products, after release from the support were analysed by gel-capillary electrophoresis (22) (CE, Figure 1 ), and PAGE ( Figure 2) .
According to the gel-CE analyses of the crude oligonucleotides, (Figure 1) , it was found that yields of the oligonucleotides Seq. # 1, , and E (Seq. #2; 5'-TCTCTCGCACCCATCTCTCTCCTTCTCTCTCGCACCCAT-CTCTCTCCTTCTCTCTCGCACCCATCTCTCTCCTTTCTCTCTCTCGCA-CCCATCTCTCTCCTTCTCTCTCGCACCCATCTCTCTCCTTCTCTCTC-GCACCCATCTCTCTCCTTCT-3') with standard program cycles applied; B (Seq. # 1) and F (Seq. #2;) with 0.1% methanol, and D (Seq. #3) with 1.0% pyrrole, extended detritylation, and washing cycles applied. CE analysis was carried out using Beckman System Gold The Personal™ Chromatograph, P/ACE System 2200 supplied with P/ACE UV Absorbance Detector, and eCAP™ ssDNA 100 Gel Column, 47 cm length. The crude oligonucleotides were electrokinetically loaded onto column by applying 5 kV for 15 seconds, following by analysis applying 14.1 kV for 80 minutes, and tris-borate 7M urea buffer; detector at 254 nm.
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2, and 3 were significantly increased in the presence of alcohol, (0.1% of methanol or ethanol), or pyrrole (0.1% or 1.0%) in 2.0% solution of DC A in methylene chloride. Based on the integration of area percentage of the parent peak in gel-CE analysis increase of 60-65% (methanol or ethanol) and 110-125% (0.1% pyrrole) for Seq. #1, 90-96% (methanol) for Seq. #2, and 50-56% (1.0% pyrrole) for Seq. #3 compared to standard condition was observed. No increase in yields was observed when 2.0% DC A in methylene chloride in combination with extended detritylation (308.5 sec.) or 2.0% DC A in methylene chloride containing 0.1% of methanol in combination with standard detritylation (68.5 sec.) and extended washing (130 sec.) were applied for the synthesis of oligonucleotide Seq. # 1. The use of 1 % alcohol or pyrrole showed similar or lower yields as 0.1 % of alcohol or pyrrole for Seq. # 1 and 2, while for purine rich Seq. #3, 1.0% of lH-pyrrole was needed to obtain higher yield.
It is known that prolonged detritylation step is required for long oligonucleotide synthesis (8, 21, 23) . However, with prolonged exposure of an oligonucleotide to DCA leads to increased depurination that effects yield dramatically; but rather prolonged exposure of an oligonucleotide during the synthesis to DCA in the presence of 0.1 % of methanol or 0.1 -1.0% of lH-pyrrole this negative effect could be avoided.
Oligonucleotides Seq. # 1 , 2, and 3, synthesized using DCA or DCA in combination with alcohol or pyrolle and standard or modified program cycles, were purified by electrophoresis on 6% polyacrylamide gel, and found to be free from base modification by degraditive characterization with snake venom phosphodiesterase and bacterial alkaline phosphatase (24) .
Further investigations are in progress, especially for large scale oligonucleotide synthesis, 1-5 mmole, where longer exposure to DCA is necessary for complete detritylation (25) . Under such conditions oligonucleotide assembly is more vulnerable to base modification followed by depurination and chain cleavage leading to decrease in overall yield.
